Subjects and Methods
A population-based study was conducted in Shantou, Guangdong Province, China, from June 2008 to June 2009. A total of 5,662 students, including 2,800 boys and 2,862 girls aged 6-18 years, were recruited for this study. Among them, 511 obese children aged 7-18 years were identified. Obese children aged 6 years or lesser were not found.
All the physical examination was completed after the signature of informed consent obtained from parents of all participants. The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the review committee of Shantou University Medical College. The study was approved by the Shantou Ethics Review Committee.
Sampling and population
Height and weight were measured while the participants were standing up straight, wore light clothing, and did not wear shoes. BMI was calculated as weight (kg)/height 2 (m 2 ). Obese children were identified and included as subjects on the basis of the BMIfor-age growth charts [13] set by the Centers for Disease Control and Prevention (CDC).
Informed consent
WHtR (x 4 bounds, time bounds, and so on) [12] . It is obvious that GRA is characterized by (1) less data required (the needed data for GRA is as few as 3 in every series), (2) leaving out of consideration of data distribution, and (3) simple calculation [12] . For the limited sample size, we used GRA to explore the relationships between different obesity measurements in children.
To ensure privacy, these students were individually examined in a private room. All the measurements were obtained twice and recorded to the nearest 0.01 cm, using standard techniques and equipment. Measured for a third time if the first two differed and take the average of the three numbers.
Anthropometric measurements
Participants stood up straight and exhaled slowly. Removed any layers of clothing blocking waist and hip before measurement.. The WC was measured from midway between the top of the hipbone and the bottom of the rib cage. Held the end of the tape measure at the navel and brought it around the waist to the front. The measuring tape was parallel to the floor and fitted snugly around the torso without digging into the skin. After identifying the widest part of the hip, placed the tape measure at this location and measured around the circumference of the hip to get HC. The WHR and WHtR were calculated as WC (cm)/HC (cm) and as WC (cm)/height (cm), respectively.
All the data were entered into Microsoft Excel sheets (2007) . GRA was performed using statistical analysis system software (SAS 10.0 version) and was used for obtaining the grey relational order (GRO) [12] , which showed the correlations of BMI with WC, HC, WHR, and WHtR.
Quality control and statistical analysis
The original data have been listed below ( Table 1 and 2). With the basic steps of GRA, the grey relational grades (GRG) were obtained ( Table 3 and 4). The basic steps and formulas are described below:
Note: BMI, body mass index; WC, waist circumference; HC, hip circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio 1. Determination of the mean: Let BMI (x 0 ) be the reference series, and WC (x 1 ), HC (x 2 ), WHR (x 3 ), WHtR (x 4 ) be the comparative series. X i is named as the data series (i = 0, 1, 2, 3, 4). Mean measurement is used to obtain the dis-dimension series. Here, the mean formula is as follows: x i (k) and x i ' (k) are the values before and after treatment, respectively.
Identification of a difference series
The formula is .
Here, i = 1, 2, 3, 4.
Casting of grey relational coefficients:
The discriminating coefficient ζ was taken as 0.5.
Determination of the grey relational grade (GRG) and construction of the GRO
The GRG was calculated using the formula 
Results
GRO can be obtained on the basis of GRG as given below [12] .
The results for the obesity indicators for the males are given below. 
Discussion
According to the data from the Chinese national surveys on the health, the prevalence of overweigh and obesity in children aged 7-18 years has increased 28 times since 2000 [14] . In the USA, compared to the hospital costs associated with type 2 diabetes, cardiovascular diseases, sleep apnea and orthopedic problems, costs associated with obesity have reached as high as $127 million in the case of children [15] . Thus an increasing number of new measurements are being used for evaluating obesity. The researches indicated that WHtR, which is related to fat distribution, is a more efficient predictor of mortality than WC or BMI [5, 16] .
A system review of children obesity in China showed that the definitions of childhood obesity used in Chinese studies varied. And recommended the use of gender-specific and age-specific BMI cutoffs when diagnosing obesity in Chinese children [17] . Therefore, we identified subjects based on the BMI cutoffs set by CDC.
HC, WHtR, and WC may be used as alternative parameters for measuring obesity, with considerations of age and gender. In our study, the GRA for males showed that the BMI scores were strongly correlated with the HC for children younger than 14 years, but were weakly correlated with that for the children older than 14 years. In addition, BMI was closely associated with WHtR and WC, but the association between BMI and WHR was poor. However, in females, distinct association regularities were not observed among BMI, WC, HC, WHR, and WHtR. Generally, a strong correlation between WC, HC and BMI were found in females older than 9 years, but a weaker correlation was found between WC and BMI in children older than 14 years. These correlations between BMI and the WHtR and WC indicated that obesity mainly presents as abdominal obesity in children. However, nowadays, there are limited studies on the relationship between BMI and WC, HC, WHR and WHtR in children. BMI has been recommended worldwide as a standard criterion for defining obesity. However, the measurements of WC, HC, WHR, and WHtR are comparable to BMI to predict the risk of obesity related disorders such as type 2 diabetes [18] and possibly are superior to BMI as predictors of cardiovascular disease in both men and women [19] . A meta-analysis provides evidence that supports the superiority of measures of centralized obesity, especially WHtR, over BMI, for detecting cardiovascular risk factors in both men and women [5] .
Although no exact correlation between BMI and other parameters, especially in females, was found in this study. Nevertheless, since children are at their peak growth stage, the WC, HC, WHR and WHtR should be defined according to age and gender as well.
Our study has some limitations. First, our sample size is relatively small in the obesity group. Second, the number of females analyzed was limited because the prevalence of obesity in males was higher than that in females. This may affect the result of our analysis for females.
Conclusion
WC, HC, WHtR, and WHR have different degrees of correlation with the BMI scores in children of different ages and gender, which revealed that they could be alternative parameters used for evaluating obesity BMI mainly, indicates the nutritional status of children and adolescents, while WC, HC, WHR and WHtR are more associated with body habitus, mainly with abdominal obesity. To accurately and completely estimate obesity in children, we need to consider multiple parameters such as WC, HC, WHtR, WHR, and not just BMI. Our study will provide some insights into the obesity study of children.
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